tion of lysozynme-treated endotoxini in an analytical ultracentrifuge revealed that it sedimented as a single major boundary with a sedimentation coefficient of 13.3. Lysozyme-treated endotoxin was more potent than was the conventionial endotoxiin as evidenced by lethal activity in rabbits and pertussis-sensitize(l mice. Agar-gel diffusioni analysis indicated that the higher molecular weight componrent associated with conventional endotoxin was dissociated by lysozyme treatment.
In immunoelectrophoresis, lysozyme-t reated eIndotoxin was observed as a single sharp band of precipitation which migrated toward the cathode.
MIaterial with high endotoxic activity retaining 0 antigenic specificity is readily prepared from gram-negative bacteria by the l)henol-water extraction lprocedure of Westphal and Liuderitz (1954) . Physically, these products are generallycharacterized by their large molecular size, their polvdispersity when examined in an analytical ultracentrifuge, and their low solubility. Chemically, these products are coml)osed of polysaccharide and lipid in various plroportions. Re- cently, we found that lipid is rieleased from l)henol-water l)repared lipopolysaccharide during incubation with subcellular fractions from liver (AMergenhagen et al., 1963) . This finding l)rom)ted us to investigate the effects of enzymes on the physical, chemical, and biological l)rolperties of endotoxin, in the hope that the lipopolvsaccharide com)lex could be dissociated into more basic molecular units.
This report describes the action of l-sozyme on a phenol-water l)repare(l endotoxin fromn Elscher- Lyophilized preparations of endotoxin were dissolved in nonpyrogenic saline (Baxter Laboratories, Inc., Morton Grove, Ill.), and were tested for lethality in female mice (16 to 18 g; National Institutes of Health General Purpose) after 7 days of sensitization by intraperitoneal injection of 0.2 ml of Bordetella pertussis vaccine (Eli Lilly & Co., Indianapolis, Ind.) and in young New Zealand white rabbits (1,500 to 1,800 g).
Total carbohydrate was estimated by the anthrone method of Shields and Burnett (1960) ; protein was determined by the method of Lowry et al. (1951) .
Sedimentation velocity experiments were performed with a Spinco model E analytical ultracentrifuge with the use of schlieren optics. Samples were dissolved in 0.02 M phosphate (pH 8.0) or 0.02 M acetate (pH 5.0). Sedimentation velocity experiments were performed at a constant temperature of 20 C by use of a rotor speed of 50,740 rev/min. Sedimentation equilibrium experiments were calculated by the usual methods, and were corrected to values in water at 20 C. Reciprocal plots of values obtained at several concentrations were extrapolated to infinite dilution to obtain S20,w.
RESULTS
In the first series of experiments, lysozyme was incubated with isotopically labeled conventional endotoxin at pH 5.0. At this pH, lysozyme consistently had high activity in liberating from the endotoxic fraction Cl4-labeled components which were nonsedimentable after ultracentrifugation (Table 1) . Heating of lysozyme at 80 C for 30 min did not completely abolish this activity. Table 2 depicts the results when the reactions were run at pH 8.0 as well as at pH 5.0; in addition, this experiment provides information on the solubility properties of the products liberated from conventional endotoxin by lysozyme treatment. Lysozyme released radioactive material which was distributed in both the aqueous and chloroform phases. The enzyme was equally active in dissociating the substrate at either pH 5.0 or 8.0. Since lysozyme acts by virtue of its ability to hydrolyze glucosidic-type linkages, commercially available ,3-glucosidase as well as ,B-galactosidase were tested for their ability to dissociate C'4-labeled endotoxin (Table 3 ). In- In agreement with the results of other workers (Ribi et al., 1962) , endotoxin from E. coli 091-H21 which had been prepared free from protein by extraction of cells with phenol and water was of low solubility. However, lysozyme treatment of conventional phenol-water endotoxin produced a product that dissolved easily in aqueous media to yield a clear solution. The effect of various levels of lysozyme incubated with conventional endotoxin on solubility (turbidity) can be seen in Fig. 1 . The observation that relatively high ratios of lysozyme to substrate are required for this solubility effect is unexplainable at the present time. It is conceivable that various metals which may be contained in the reaction mixture could interfere with the action of lysozyme on the substrate, thereby requiring greater amounts of the enzyme (Repaske, 1958) .
In the analytical ultracentrifuge, conventional endotoxin sedimented at an extremely rapid rate without having a visible boundary, suggesting that it was not sufficiently dissolved for study t±g LYSOZYME PER 900 po CONVENTIONAL ENDOTOXIN FIG. 1. Reduction in turbidity of conventional endotoxin solution by various levels of lysozyme after incubation for 1 hr at 37 C; 0.1 ml of respective concentration of lysozyme was added to 0.9 ml (900 ,ug) of conventional endotoxin at pH 5.0. Optical densities were recorded in a Beckman DB spectrophotometer at 550 m,.
bacteria, produced two components in agar gel with immune serum. Agar-gel diffusion tests with the conventional endotoxin in the present study similarly disclosed a rapidly diffusing component (precipitation band closer to serum well) and a second component which diffused very slowly (Fig. 3a) reduced the protein content of the l)rel)aration, and lysozynme-tr-eated endotoxin pr-eparations fromn and also altered its p)hysictil p)roperties. After Escherichia coli after 5 days at 5 C. High-titer-ed re-extraction with phenol, the endotoxin was rabbit antiserumi to E. coli in (enter well; more difficut to dissolve. When examined in (1) lysozyme-treated endotoxin (2,000 pg/mnl); (2) the ltraentifug, te reextacte prductwas lysozymie-treatedi endotoxin (1,000 pg/litlt); (3) conthe ltraentifug, tb reextrctedl)rductwas ventional endotoxin (2,000 pg/inil); (4) conventional found to sediment at a very ral)id rate, indicating endotoxin (1,000 pg/tinl). (1962) and de Araujo, Varah, and dotoxin in center well (500 pg/mi). Serum wells Mergenhagen (1963) reported that endotoxins, contained two different high-titered rabbit antisera phrepared by different metodsa of isolation with to E. coli. (Fig. 3b) . Repeated attempts revealed that the conventional endotoxin preparation failed to migrate in an electrical field, and precipitated out in the immediate vicinity of the antigen well. Lysozyme-treated endotoxin was as effective as conventional endotoxin in measuring precipitating or hemagglutinating antibody to E. coli, indicating that haptenic activity was unaltered after lysozyme treatment.
The results of bioassay experiments clearly show that lysozyme-treated endotoxin is the more potent preparation tested insofar as lethal activity is concerned ( (Jolles, 1960) , it is presumed that hydrolysis by this enzyme of such linkages releases components which make conventional endotoxin hydrophobic. This is consistent with the finding that an enzyme preparation containing f-glucosidase activity is also effective in dissociating conventional endotoxin. The solubility factor alone may contribute to the increase in lethal activity displayed by this preparation as compared with sparingly soluble conventional (Westphal and Luideritz, 1954; Schramm, Westphal, and Ltideritz, 1952) . With regard to its sedimentation behavior, lysozyme-treated endotoxin resembles the product obtained by aqueousether extraction of Salmonella enteritidis (Ribi et al., 1960 In contrast, however, to the diminished toxicity observed after binding of a Boivin endotoxin from S. typhosa with plasma protein (Rudbach and Johnson, 1964) , lysozyme treatment increases biological activity (lethality) of the phenol-water prepared endotoxin from E. coli 091-H21.
The observation that the heavier molecular weight component in conventional endotoxin is affected by lysozyme treatment, as evidenced by gel diffusion, is of interest in view of the fact that this component has been associated with the toxic moiety in similar preparations (Ribi et al., 1962 
